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The invention relates to novel cross-linked polymers based on bis-silane, bis- 
thioether, bis-sulphoxide, bis-sulphone and butane-di-yl derivatives of 
polysaccharides and oligosaccharides, and their shaping as support materials useful 
for the separation or the preparation of enantiomers. 

The invention also relates to a process for preparing the said cross-linked polymer 
compounds and a process for preparing balls of support materials containing the 
said cross-linked polymer compounds. 

The invention also relates to a method of obtaining balls of support materials useful 
in chromatography or in organic synthesis. 

The invention also relates to the use of the said support materials containing the 
cross-linked polymer compounds in the separation or .in the preparation of 
enantiomers, through employment in chromatography or organic synthesis 
processes in a heterogeneous medium. 

The invention also relates to the use of the said cross-linked polymer compounds in 
the fonm of membranes in processes using percolation through membranes for the 
separation or the preparation of enantiomers. 

The separation of enantiomers has been an expanding field for some tv/enty years, 
at both the preparation and analysis level. This is tnje in particular of pharmacy 
applications, where legislation requires a separate study of the optical isomers of any 
compound included in the composition of a medicament. Substituted 
polysaccharides have been the subject of numerous studies. , and celluloses 
deposited physically on a silica gel support are marketed. Hovs^ever. such 
compounds have the disadvantage of being most often soluble in organic polar 
solvents, which singulariy limits their use. 

Recent solutions have been provided to the problem of solubilization, by 
establishing covalent bonds between the substituted polysaccharide and the support. 
Kimata et al. published their results (Analytical Methods and Instrumentation, Vol. 1. 
23-29 (1993)) on a chiral stationary phase based on cellulose-tris-2,3.6-(4-vinyl 
benzoate) deposited on silica gel then polymerized on the support. 

The chromatographic data obtained with two racemic test mixtures are as follows: 
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where 

- k'1 and k'2 are the capacity factors, that is to say if i = 1 or 2. k'i=(tRi-to) / to 



5 tRi being the retention time of the compound i and to the dead time; 
- a is the selectivity factor: a = (tR2-to) / (tRi -to) = k'2/k'1 

1 (a-1) ( k'2) 

10 - Rs is the resolution factor: Rs = - ( ) ( ) (N)''* 

4(a) (1+k'2) 

N being the number of plates detemiined on the basis of chromatographic values 
measured on the chromatogram. 
15 - ' 

A systematic decline in the obtained selectivity factors can be seen between the 
deposited support and the deposited and polymerized support 10% less on trans- 
stilbene oxide (a changes from 1.54 to 1.39) and 7.5% less for 1-(1-naphthyI)ethanol 
(a changes from 1 .32 to 1 .22). 

20 

This phenomenon could be explained by a partial solubility of the polymerized 
support because of an incomplete polymerization due to a low reactivity of the vinyl 
benzoate group under the reaction conditions employed. 

25 On the other hand. Kimata et al. offer no example of separation in a pure polar 
solvent (patent or publication). 

Okamoto et al. have described (EP-B-0 155 637) polymers chemically bound to silica' 
gel. They describe in particular the grafting of cellulose tris-2.3,6-phenyl cartjamate 
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onto silica gel via a tritylated intermediate then the realization of the covalent bond, 
between the silica gel and the partially derived polysaccharide carbannate, by action 
of a diisocyanate. 

5 The results of the elemental analyses carried out at various synthesis stages are as 
follows (EP-B-0 155 637. page 8 to page 9, line 33), 

C% H% N% 

1 . Cellulose trityl deposited on silica 1 5.40 1 .23 0.09 

2. Detriyiated cellulose deposited on 3.61 0.60 
silica 

3. Cellulose bound- to the silica by toluene ' ; - 
2 A diisocyanate 

4. Phenyl carbamate cellulose bound to the 3.23 0.27 0.45 
silica and washed with* THF/chloroform 



The drop in the rate of grafting between the cellulose deposited on silica (2) and the 
cellulose phenyl carbamate bound to the silica (4) is substantial knowing that the rate 
20 of (4) calculated according to (2) is of the order of 14% carbon. The loss of 
hydrocarbon groups can thus be estimated at 80% from the realization of the 
covalent bond, between the cellulose and the silica, by the diisocyanate anm followed 
by the derivation of the OHs with phenyl isocyanate and the final washing with 
chloroform, 

25 . . 

No example of separation in polar solvents is given for the support obtained. 

Okamoto et al. have described (JP-A-06-206 893) an oligosaccharide chemically 
bound to silica gel via an amine-reduced imine function. The amylose is then 
30 regenerated by the chimioenzymatic route from this oligosaccharide. The available 
hydroxy! functions are then derived as carbamate functions. No example of 
separation in a pure polar solvent is given. 

On the other hand, it is beneficial to work with a substantial column overload for 
35 preparatory applications. The possibility of using 100% of the chiral material in the 
form of balls of pure polymer of substituted polysaccharides, instead of depositing, 
them physically on a support, has proved effective in increasing the mass yields of 
preparatory chiral chromatography processes. Thus Patents EP-B-348 352, and EP- 
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B-316 270 and Application WO-A-95/27 639 relate to the realization of cellulose bails 
for the separation of optical isomers. 

However, the pure polymer balls are soluble in polar solvents such as halogenated 
5 solvents, tetrahydrofuran. dioxan. etc. It is thus impossible to use these pure 
solvents or mixtures with high proportions of these latter to realize separations of 
isomers. 

In order to overcome this drawback. Francotte et al. have described the 
10 polymerization by radiation of derived polysaccharides (WO-A-96/27 615). 

However, the rate of polymerization seems difficult to control in such a process, 
cross-linking by. photochemical process preferentially occurring at the surface of the 
polymer ball, the rays being unable to penetrate inside the ball. No example of 
15 separation is given in a pure polymer. 

Francotte et al. have also described in Intemational Application WO-A-97/04 Oil the 
chemical cross-linking of carbamates and esters of polysaccharides not containing a 
polymerizable group. According to the author, cross-linking took place in the 
20 presence of a radical polymerization initiator. The reaction mechanism and the 
structure of the products obtained are not described. No example of separation in a 
pure polar solvent is given. 

Lange at al. have described (US-A-5 274 167) the polymerization of optically active 
25 derivatives of methacrylic acid, the staicture of the support not being explained. No 
example of separation in a pure polar solvent is given. 

Minguillon et al. have described the synthesis of partially derived cellulose 
carbamates with an undecenoyi chloride. However, the stnjcture of the support is not 
30 explained (J. of Chromatog. A 728 (1996). 407-414 and 415-422). 

Oliveros et al. (WO-A-95/18 833) describe polysaccharides derivatives containing an 
ethylene radical and deposited on a silica gel support containing vinyl groups then 
polymerized. No example of separation is given with a pure polar solvent. 

35 

The invention relates to novel polymer compounds cross-linked through the agency- 
of covalent bonds between separate chains of an osidic linkage of derivatives of 



polysaccharides or oligosaccharides, the said covalent bonds containing butane di- 
yi. bis-silane, bis-thioether. bis-sulphoxide or bis-sulphone functions. 



These novel cross-linked polymer compounds are insoluble in polar organic solvents 
such as for example tetrahydrofuran. 1.4-dioxan. chloroform, dichloromethane. 
dichloroethane, isopropyl chloride, chlorobutane, acetone, methyl ethyl ketone, 
acetonitrile. nitro-methane. alcohols such as methanol and ethanol, and esters such 
as ethyl or butyl acetate. 

Balls of support materials containing the said cross-linked polymer compounds are 
useful for the separation of enantiomers by liquid or supercritical chromatography. 
Surprisingly, a heat treatment, up to 80°C. in polar organic solvents, of the said 
support materials does not alter their chiral discrimination property v/hen they are 
used in enantioselective separation processes. 

This property is particularly useful in the phamnaceutical industry, as the possibility of 
using eluent mixtures consisting of polar organic solvents, pure or in a high 
percentage, in preparatory chiral chromatography for the industrial separation of 
racemic mixtures for example, allows a very appreciable increase in the 
concentration of the solutes as the chromatographic process unfolds. Solvent 
consumption is thereby reduced and separation productivity con-espondingly 
improved. 

The cross-linked polymer compounds are characterized in that they contain a radical 
of general formula (1) or (11): 

. X - Y - A [CH2-<^H(R)-CH(R)-CH2]m A - Y - X - (I) 

. X - Y - A [CH2-CH(R)-L-CH(R)-CH2]m A - Y - X - (") 

in which X represents an oxygen atom or the group -NH, m is an integer other than 
zero equal at most to 5. R represents a hydrogen atom or a substituted or non- 
substituted, linear or branched alkyi radical having from 1. to 8 carbon atoms. Y 
represents a single bond, -NH-CO- group, -NH-CS- group or -CO- group, A 
represents a single bond, a linear or branched alkylene radical having from 1 to 21 
carbon atoms, an arylene radical having from 6 to 18 carbon atoms or an aralkylene.. 
radical having from 7 to 40 carbon atoms. L represents a bis-thioether radical, of 
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general formula (Ilia), bis-sulphoxide radical of general formula (lllb), or bis-sulphone 
radical, of general formula (lllc), or a bis-silane radical of general formula (IV): 
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20 where S represents a sulphur atom, O an oxygen atom and Si a silicon atom; and 
where 

-Wi and W3. identical or different, each represent 

- a linear or branched aikylene radical having from 1 to 21 carbon atoms, an arylene 
radical having from 6 to 18 carbon atoms, or an aralkylene radical having from 7 to 

25 40 carbon atoms. 

- W2 represents a single bond, Wi an oxygen atom, a sulphur atom or a symmetrical 
. diester of formula 
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Rs represents a linear or branched aikyi radical having from 1 to 5 carbon atoms or 
hydrogen, and R4 represents the radical 



--fV-(S^-R6)nr 
Rs 



(VI) 
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where Re is (CH2)n2 or oxygen and where n1 varies from 0 to 3000 and n2 from 0 to 
10. 

Formula (I), which does not contain the radical L, is constructed on a optionally 
5 substituted butane-di-yl radical. 

The arylene radicals contained respectively in the radicals of the general formulae (I) 
and (II) may optionally be substituted by one or more atoms or radicals, identical or 
different, chosen from among halogen atoms, alkyi radicals containing from 1 to 4 

10 carbon atoms, alkoxy radicals containing from 1 to 4 carbon atoms and nitro groups. 
The arylene radicals contained in the radicals of general fomnulae (I) and (II) are, 
preferably, phenylene radicals or naphthylene radicals, optionally substituted by one 
or more atoms or radicals, identical or different, chosen from among halogen atoms 
: • and _3lkyl radicals containing from 1 to 4 carbon atoms, alkyloxy radicals containing 

15 from 1 to 4 carbon atoms and nitro groups. 

The cross-linked polymer compounds according to the invention and possessing a 
radical of general fonmula (II), and more particularly a bis-thioether type radical of 
general fomnula (Ilia), can be transfomned into compounds containing the general 
20 formulae (Illb) or (lllc) by oxidation with the help of oxidizing compounds in order to 
lead to functionalities of the bis-sulphoxide type or bis-sulphone type. 

The transfomnation of thioether functions into sulphoxide and sulphone functions is 
known Qe: se and uses several oxidizing agents. Sulphoxides can be obtained from 
25 thioethers by using hydrogen peroxide ("Organic Compounds of Bivalent Sulfur^ Vol. 
2, pp. 64-56. Chemical Publishing Company, New York, 1960) or indobenzene 
dichloride (Barbieri. J. Chem. Soc. C659, 1968), or sodium meta-periodate (Leonard, 
J. Org. Chem. 27, 282, 1962) or tertiobutyloxy-chloride (Walling, J. Org. Chem. 32, 
1286. 1967) or peracids. 

30 

The sulphoxide functions obtained can subsequently be transformed into sulphone 
functions with the help of potassium permanganate or hydrogen peroxide (Heubert. 
Chem. Comm. 1036, 1968 and Curci, Tetrahedron Lett.. 1749 . 1963). 

35 The oxidizing agent used for preference is hydrogen peroxide. The reaction solvent 
is generally water, an alcohol or an organic solvent miscible with water. The reaction 
is carried out at a temperature between 10 and 40°C and the reaction lasts for from 1 
to 8 hours. 
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The cross-linked polymer compounds according to the invention are characterized in 
that the radicals of general formulae (I) and (II) are bound to osidic chiral units of a 
linear, branched or cyclic linkage of a polysaccharide or oligosaccharide derivative 
according to the general fonnulae (VII) and (VIII) which follow. 
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25 



where X, Y. A. R. L and m each have the same meaning as in the general formulae 
(!) and (II) and in which the "chiral unit" symbol, which will be described by formula 
(iX), is the osidic chiral unit of a linear, branched or cyclic linkage of a polysaccharide 
or oligosaccharide derivative, it being understood that "chain i" and "chain j" 
symbolize the fact that the chiral units at each end of the radicals of formulae (I) and 
(11) are situated on separate chains or separate linkages of osidic units, within the 
polysaccharide or the oligosaccharide. 
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In fact, the recorded insoiubility of the cross-linked polymer compounds according to 
the genera/ formulae (VII) to (Vlll) in polar solvents, even at high temperature, can 
be conferred only by a three-dimensional cross-linking of the polysaccharide, this 
cross-linking being produced by reaction between the different chains constituting 
the polysaccharide derivative and leading to a drastic modification of the solubility 
properties. 



Surprisingly, the support materials obtained possess a remaricable stability in all 
organic solvents, and more particularly in polar organic solvents having a high 
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dissolving power for benzoate and carbamate derivatives of polysaccharides, such 
as chloroform, acetone, tetrahydrofuran. dioxan or toluene. 

Equally surprisingly, these support materials are stable in the solvents mentioned 
5 previously up to temperatures that may exceed 80°C For example, a test for 
selectivity (a) carried out on indapamide with a support material synthesized 
according to Example 1 presented below showed that the selectivity factor a (a = 
1.32 in pure 1 .2-dichloroethane at 80°C) determined according to Example 2, also 
presented below, is not affected by the passage of some 1 000 dead column volumes 
1 0 of the following solvents: 
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Nitromethane 


Acetone 


Methyl ethyl ketone 



These properties permit consideration of the use of support materials in processes 
for the separation or preparation of enantiomers using any type of polar solvent up to 
15 temperatures that may exceed 80°C. which seems particularly attractive for industrial 
applications. 

The synthesis of the compounds of general fomnulae (VII) and (VIII) is earned out in 
tv/o stages: 

- synthesis of polysaccharides or oligosaccharides derivatives, activated and bearing 
20 ethylene double bonds; and 
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- chemical cross-linking of the ethylene double bonds on themselves by a radical 
mechanism, or by reaction of at least two ethylene double bonds with bifunctional 
compounds containing bis-thiol or bis-hydrogenosilane functions. 



The activated derivatives bearing ethylene double bonds are polysaccharides or 
oligosaccharides derivatives of the general fonnulae (Xa) to (Xk): 
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' . ' In these formulae, 

15 a) the symbols Xi, X2 and X3, identical or different, each represent an oxygen atom 
or the group -NH; 

b) each of the symbols Ri. R2 and R3 independently represents: 

- an ethylene radical having the general formula: 
(CH[R]=CH-)rT,iA.Y. (XI) 

20 in which ml is an integer other than zero equal at most to 5. R represents a 
hydrogen atom or a or non-substituted, linear or branched alkyl radical having from 1 
to 8 carbon atoms, Y represents a single bond or an -NH-CO- group, an -NH-CS- 
group or a -CO- group and A represents a single bond, a linear or branched alkylene 
radical having from 1 to 21 carbon atoms, an arylene radical having from 6 to 18 

25 carbon atoms or an aralkylene radical having from 7 to 40 carbon atoms; 

- or a radical having the formula A2-A1-CX5- (XII) in which X5 represents an oxygen 
sulphur atom. Ai represents a single bond or an -NH- group and A2 represents an 
aryl radical having from 6 to 24 carbon atoms, an aralkyi radical having from 7 to 36 
carbon atoms or an alkylaryl radical having from 7 to 18 carbon atoms; 

30 - or a hydrogen atom or an NO2 group; 
n being an integer between 5 and 20 000, 

it being understood that, in each osidic chiral unit (Xa) to (Xk). at least one of the 
symbols Xi. X2 and X3 represents an oxygen atom, and that, in at least one part of 
the chiral osidic units constituting one of the chains of the polysaccharide derivative. 
35 at least one of the symbols Ri, R2 and R3 represents a radical of general fonnula (XI) 
and at least one of the symbols Ri, R2 and R3 represents a radical of general fomnula- 
(XII). 
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The arylene or aryl radicals contained respectively in the radicals of general formulae 
(XI) and (XII) may optionally be substituted by one or more atoms or radicals, 
identical or different, chosen from among halogen atoms, alkyi radicals containing 
from 1 to 4 carbon atoms, alkoxy radicals containing from 1 to 4 carbon atoms and 
5 nitro groups. The arylene radicals contained in the radicals of general formula (XI) 
are. preferably, phenylene radicals or naphthylene radicals, optionally substituted by 
one or more atoms or radicals, identical or different, chosen from among halogen 
atoms and alkyI radicals containing from 1 to 4 carbon atoms, alkyloxy radicals 
containing from 1 to 4 carbon atoms and nitro groups. The aryl radicals contained in 
10 the radicals of general fomnula (XII) are, preferably, phenyl radicals or naphthyl 
radicals, optionally substituted by one or more atoms or radicals, identical or 
different, chosen from among halogen atoms. alkyI radicals containing from 1 to 4 
carbon atoms, alkyloxy radicals containing from 1 to 4 carbon atoms and nitro 
: groups. 

15 

Generally, the polysaccharides derivatives according to the invention have a degree 
of polymerization between 5 and 20 000 and preferably between 10 and 500. 

Generally, the polysaccharides derivatives according to the invention contain from 0 
20 to 3. preferably from 0.05 to 2.95 groups of general fonmula (XI) per osidic unit of 
general formula (Xa) to (Xk). and from 0 to 3. preferably from 0.05 to 2.95 groups of 
general formula (XII) per structural unit of general formula (Xa) to (Xk). 

Generally, the polysaccharides derivatives according to the invention derive from 
25 amylose. cellulose, chitosan or a. p ory cyclodextrins. 

According to the invention, the polysaccharides derivatives can be obtained 

- by action on a non-protected polysaccharide of a compound of general formula: 

30 [CH(R)=CH]miA.Yi (XV) 

in which R, m^ and A are defined as previously and Y^ represents a halogen atom 
(chlorine, bromine), an -N=C=0 group or -N=C=S group or a -CO-Z- group in which 
Z represents a halogen atom (chlorine, bromine) in order to introduce an ethylene 
35 radical of general formula (XI): 

- and/or by action of an isocyanate or of an isothiocyanate of general formula: 

A2-Ai-N=C=X4 (XVI) - 
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in which A2 and Ai are defined as previously and X4 represents an oxygen or sulphur 
atom 

or a compound of general formula: 

5 

A2-A1-CO-Z1 (XX) 

in which A2 and Ai are defined as previously and Zi represents a halogen atom 
(chlorine, bromine) in order to introduce an ethylene radical of general formula (XII). 

10 

According to the invention, the introduction of the radicals of general fomnula (XI) 
and/or (XII) takes place under the conditions customarily used for preparing an ether, 
an ester, an amide, a carbamate, a thiocarbamate, a urea or a thiourea, starting from 
* the ^corresponding alcohol or amine. 

15 

The order of introduction of the reagents of general fomnula (XV). (XVI) or (XX) 
influences the enantioselective characteristics of the chiral stationary phases 
obtained from the thus-modified polysaccharides. 

20 The polysaccharides derivatives according to the invention are obtained from 
polysaccharides, that is to say having in their structure the repetition of the same 
chiral osidic unit, as symbolized in the general fomnulae (Xa) to (Xk). 

However, these latter formulae represent only part of the reality, as a polysaccharide 
25 is comprised of separate chains of osidic linkages, the number of chains being 
variable like the length of the osidic linkages represented by the number n of 
fonmulae (Xa) to (Xk). Each of the fomnulae (Xa) to (Xk) represents any one of the 
linkages of a polysaccharide and constitutes one of the chains among others within 
the polysaccharide. The cases for example of the cyclo-maltohexaose, heptaose and 
30 octaose or a, p. y-cyclodextrins contained in the invention is simpler in so far as n is 
determined and identical for all the separate (cyclic) linkages. 

The polysaccharides derivatives according to the invention are soluble in polar 
organic solvents such as those mentioned in the table on page 11. 

35 

After chemical cross-linking according to the invention, they lead to the novel cross-., 
linked polymers of general fonnulae (I) and (II) and become totally insoluble in these 
same solvents. 
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The polysaccharides derivatives carrying ethylene double bonds are symbolized by 
the compounds of genera! fomnulae (Xa) to (Xk) containing an ethylene radical of 
general formula (XI). 

The ethylene functions of these radicals are reacted on themselves or on 
compounds containing thiol or hydrogenosilane functions. 

The reaction betv^een ethylene double bonds is known ger se and can be carried out 
thanks to an intermediate mechanism for the addition of free radicals (Advanced 
Organic Chemistry, Jerry March. 2""^ edition, Chapter 15, MacGraw-Hill Series in 
Advanced Chemistry). The free radical initiator is generally a peroxide, such as 
benzoyl peroxide or a diazo compound such as a,a'azo-isobutyronitrile. The reaction 
is conducted in an organic solvent such as tetrahydrofuran or toluene at 
temperatures varying from 20 to 200''C. The reaction employed is the following: 

-X-Y-A[CH=CH(R)]mi + [CH(R)=CH]mi A-Y-X- 
— > 

CH=CH R)]mi-m CH=CH (R)]„,i^ 

, Jj lL ■ • 

_X_Y-A(CH2-CHR-CHR-CH2)m A-Y-X- (XV") 

where the symbols X. Y. A. R and m are identical to those described in fonnulae (I) 
and (11). and m1 is defined as in formula (XI), 

and where the radicals of formula (XVII) represent a particular case of compounds 
containing a radical of general fonnula (1). 

The anti-Mar1<ovnikov addition reaction of thiol functions on ethylene double bonds, 
in the presence of a free radical initiator, which leads to the formation of thioether 
bonds is known oer se. 

For example. Rosini and colleagues described the immobilization of cinchona 
alkaloids via a thioether bond in Tetrahedron Lett. 26. 3361-3364. 1985. More 
recently, Tambute and colleagues described the immobilization of tyrosine 
derivatives using the same technique in New J. Chem. 13; 625-637. 1989. Even 
more recently, Caude and colleagues published the results of their work and showed 
the advantage of a covalent thioether bond in terms of chemical stability in J. 
Chromatogr. 550, 357-382. 1991. 



15 



The ethylene compounds containing the radicals of general formula (XI) are 
soiubilized in a solvent such as for example toluene, chloroform or tetrahydrofurah, 
in the presence of a bis-thiol compound of genera! formula: 

5 

HS-WrW2-W3-SH (XIII) 

where Wi. W2 and W3 represent symbols identical to the symbols of the compounds 
of general formulae (Ilia), (lllb) or (lllc). 

10 

The preferred bis-thiols are chosen from commercially available compounds such as 
ethane-dithiol or butane-dithiol. The reaction is conducted at a temperature of 20 to 
110°C in the presence of a free radical initiator, such as benzoyl peroxide for 
• • example. The chemical reaction employed is the following: 

15 

-X-Y-A[CH=CH(R)]n.i + HS-W1-W2-W3-SH + [CH(R)=CH]„,i A-Y-X- 
— > 

ml-m[CH(R)=CH CH=CH(R)]^vm 
20 lL. JLi 

_X_Y— AICH2-^H(R)— S— Wi— We— W3-S--<) (XVIII) 

where X, Y. A, R are symbols identical to those described in formula (II); the radicals 
of general formula (XVtll) represent a particular case of a radical of general formula 
25 (II) where L represents a radical of general formula (Ilia), which can be subsequently 
transfomned into a radical of general formula (lllb) or (lllc) by oxidation. 

The hydrosilylation of ethylene double bonds by hydrogenosilanes is known qbt se 
and used to create silicon-carbon bonds. For example, Stuurman. H.W., in 
30 Chromatopgraphia [sic], Vol. 25, no. 4, April 1988, pp. 265 to 271, has described the 
separation of enantiomers through the use of a stationary phase based on 
hydrosilylated quinine bound to silica gel by a covalent bond. 
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Polymerization by hydrosilylation is known ger se and has been described in J. 
Chromatogr. 1992, 594, 283-290. This reaction uses hydrosilanes or hydrosiloxanes 
which can be represented by the following general formula: 
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Rs Rs 

1 I 
H-Si-R4-Si-H 



(XIV) 



Rs Rs 

where R4 represents a radical of general formula (VI) defined above and R5 has the 
same meaning as in the radical of general formula (IV) defined above. 



10 The reaction is the following: 
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_X— Y— A [CH = CH(R)]mi • + HSi— R^iH + [CH(R) = CH]mi A— Y— X— 



,,.m[CH(R) = CH Rs . Rs CH = CH{R)]^i. 

uLi "II ill 

_X_Y-^ [CH2— CH(R)— Sh-R^— Si— CH(R)— CHzlmA— Y— X— 



(XIX) 



The radicals of general fonnula (XIX) represent a particular case of a radical of 
general formula (II) where L represents a radical of general formula (IV). 
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The hydrosilylation reaction is carried out in a solvent which is inert vis-a-vis 
hydrosiiylation such as toluene, dioxan, chloroform, tetrahydrofuran or mixtures of 
these solvents. A metal catalyst is necessary in order to encourage the kinetics of 
the reaction, such as a platinum or rhodium complex. The preferred metal complex is 
hexachloroplatinic acid. The preferred hydrogenosilanes are bis-hydrogenosilanes 
such as 1,1,4,4,-tetramethyl disllyl ethylene or 1,1.3,3,-tetramethyl disiloxane. The 
reaction temperature varies from 50 to 180°C, the preferred temperature being 
100°C. 

The cross-linked polymer compounds according to the invention owe their property 
of insolubility in organic solvents to the fact that the cross-linking is realized between 



1/ 



the chains of the polymers and the inter-chain bonds contain a radical of general 
formula (1) or (II). 

The general structure of a cross-linked polymer can be represented by the general 
5 formula (VII) or (Vlll) where the chiral unit symbol of general formula (IX) represents 
an osidic chiral unit, of a chain of a polysaccharide or oligosaccharide derivative of 
general formula (Xa) to (Xk), possessing ethylene radicals of general fomiula (XI). 
these latter having been subsequently reacted on themselves or v^ith bis-thiols of 
general formula (XIII) or bis-hydrogenosilanes of general fomiula (XIV) in order to 
10 lead to the fomiation of radicals of general formulae (XVII). (XVIII) and (XIX). and 
capable of being represented by the radicals of general formulae (1) and (II). 

The cross-linking between the chains of the polysaccharides derivatives, established 
- by me subsequent insolubilization in polar organic solvents, of the said previously 
15 soluble polysaccharides derivatives, is symbolized by the fact that, in the general 
formulae (VII) and (VIII). the two symbols of general fomnula (IX) "chiral unit" are 
shown as belonging to a chain i and to a chain j which are separate from each other. 

The novel cross-linked polymers according to the invention can be shaped as 
20 support materials by two different processes: 

- support materials consisting of balls containing essentially the said novel cross- 
linked polymers; 

• support materials consisting of commercial porous supports containing a 
percentage of less than 80% of the said novel cross-linked polymers. 
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Support materials consisting of balls containing essentially the said novel cross- 
linked polymers are obtained in two stages: 

a) The polysaccharides derivatives of general formulae (Xa) to (Xk) are solubilized 
in a polar organic solvent such as toluene, tetrahydrofuran. dichloromethane. 
1.4-dioxan or mesityl oxide, the prefen-ed solvent being mesityl oxide. The 
concentration is 1 gram of derivative (Xa) to (Xk) for 10 to 50 ml of organic 
solvent. The preferred concentration is 1 g for 30 ml. This solution is poured 
onto an aqueous solution, of 10 to 200 ml, containing ionic, anionic or cationic 
surfactants and emulsion stabilizers of hydroxylated polymer types containing 
35 more than 16 carbon atoms. 

The preferred surfactants are anionic surfactants, and among these latter 
sodium dodecyl sulphate. Among the hydroxylated polymers containing more 
than 16 carbon atoms, polyvinyl alcohols are preferred. 
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The concentration of sodium dodecyl sulphate varies from 0.1 to 5% by weight, 
the preferred concentration being 0.7% by weight. The concentration of 
polyvinyl alcohol varies from 0.1 to 10%, the preferred concentration being 1% 
for a polyvinyl alcohol having a molar mass of between 13 000 and 23 000. 
The two phases are emulsified while being stirred, the speed of stirring varying 
from 10 to 3 000 revolutions/minute, the preferred speed being 500 
revolutions/minute. The emulsion is then heated above the boiling point of the 
organic solvent in order to eliminate the latter, the preferred temperature being 
95°C. 

Balls containing essentially the polymer derivatives of formulae (Xa) to (Xk) are 
obtained. They have a diameter varying from 0.1 to 300 p^m and their shape is 
more or less spherical. The diameters of preferred balls vary from 3 to 40 \xrr\ 
and depend on the speed of stirring of the emulsion. The specific surface area, 
--of the balls obtained varies from 1 to 600 m^g. the preferred specific surface 
area being from 20 to 80 m /g. 

Balls containing essentially polysaccharides derivatives of general formulae 
(Xa) to (Xk) are suspended in organic or aqueous solvents in which they are 
insoluble, such as water, linear or branched alkanes or alcohols. The preferred 
organic solvents are hexane and heptane. The concentration of balls in the said 
polysaccharides derivatives varies from 1/2 to 1/1000 weight/volume, the 
preferred concentration being 1/10. The cross-linking agent is then added with 
solvent reflux. It is chosen from among the compounds of general formulae 
(XIII) or (XIV), the preferred cross-linking agents being ethane-dithiol. butane- 
dithiol. 1,1.4.4,-tetramethyI disilyl ethylene or 1.1.3.3-tetramethyl disiloxane. 
The addition of a free radical initiator as cross-linking agent is necessary in 
order to obtain the cross-linked compounds of general fonmula,(l). The quantity 
of free radical initiator varies from 0.1 to 5% by weight relative to the starting 
weight of the balls, the preferred quantity being 1%. 

The quantity of compounds of general formulae (XIII) or (XIV), calculated on 
the number of radicals of general formula (XI) bearing reactive ethylene double 
bonds contained in the compounds of formulae (Xa) to (Xk), can vary from 
stoichiometry to 10 times stoichiometry. the preferred quantity being that 
corresponding to 4 times stoichiometry. 

The preferred free radical initiator is benzoyl peroxide. The use of compounds 
of general formula (XIII) also necessitates the use of a free radical initiator in 
order to encourage the anti-Markovnikov addition. The quantity of free radical 
initiator varies from 0.1 to 5% by weight of the quantity of compound of fonnula 
(XIII) used, the preferred quantity being 1%. The preferred free radical initiator 
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is benzoyl peroxide. The reaction temperature varies from 30 to 100°C. the 
preferred temperature being 80°C. The reaction lasts for from 12 hours to 5 
days, the preferred duration being 24 hours. 

The suspension is filtered then washed with a ratio of 1/1 to 1/100 
(weight/volume), preferably 1 g per 10 ml in a polar organic solvent in which the 
polysaccharides derivatives of general fonnulae (Xa) to (Xk) are soluble. The 
preferred solvent is tetrahydrofuran. The non-cross-linked compounds (Xa) to 
(Xk) are thus eliminated. 

Support materials are obtained which consist of balls containing essentially the 
said novel cross-linked polymers. 

Support materials consisting of commercial porous supports containing a percentage 

of less than 80% of novel cross-linked polymers can be obtained as follows. 

•a) _The polysaccharides derivatives of general formulae (Xa) to (Xk) are solubilized 
in a polar organic solvent, such as toluene, tetrahydrofuran, dichloromethane or 
1,4-dioxan, the preferred solvent being tetrahydrofuran. The concentration is 1 
gram of compound (Xa) to (Xk) for 10 to 50 ml of organic solvent, the preferred 
concentration being 1 g in 30 ml. A commercial porous support in the form of a 
powdery solid is added. Its particle diameter varies from 1 to 300 ^m, the 
preferred diameter being between 3 and 30 ^im.'lts pore diameter varies from 
30 to 10 000 A, the preferred diameter being 300 A. The chemical nature of the 
porous support is variable and can be mineral or organic, such as silica gel, 
alumina, zirconia, carbon, divinylbenzene polystyrene or polyacn/lamides. The 
preferred support is silica gel. The quantity of compound of general fonnulae 
(Xa) to (Xk) . relative to the quantity of support varies from 1 to 80%. the 
prefen^ed quantity being 20%. The suspension obtained is then evaporated 
under vacuum or at normal pressure, at a temperature of 20 to 150°C, the 
preferred temperature being 80°C. 

c) The porous supports containing a percentage of less than 80% of compounds 
of general formulae (Xa) to (Xk) are suspended in organic or aqueous solvents 
characterized in that they do not solubiiize the compounds of general formulae 
(Xa) to (Xk). These solvents may be, for example, water, linear or branched 
alkanes or alcohols. The preferred organic solvents are hexane and heptane. 
The quantity of solvent relative to the weight of porous support containing the 
compounds of general fonnulae (Xa) to (Xk) is from 1 times to 100 times by 
volume relative to the support weight. The preferred quantity is 10 times. The 
cross-linking agent is then added with solvent reflux. It is chosen from among 
the compounds of general fomnulae (XIII) or (XIV), the preferred cross-linking 
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agents being ethane-dithiol. butane-dithiol, 1.1.3.3-tetramethyl disiloxane or 
1.1,4.4.-tetramethyl disilyl ethylene. 

The addition of a free radical initiator as cross-linking agent is necessary in 
order to obtain the compounds of general formula (I). The quantity of free 
radical initiator varies from 0.1 to 5% by weight relative to the weight of 
compound of general formulae (Xa) to (Xk), the preferred quantity being 1%. 
The quantity of compounds of general formulae (XIII) or (XIV), calculated on 
the number of radicals of general formula (XI) carrying reactive ethylene double 
bonds contained in the compounds of general fomnulae (Xa) to (Xk). can vary 
from stoichiometry to 10 times stoichiometry, the preferred quantity 
corresponding to 4 times stoichiometry. The use of compounds of general 
formula (XIV) requires the use of a metal catalyst the quantity of which varies 
from 0.05. to- 1% by weight relative to the weight of compound of general 
-fomiula (XIV). The preferred quantity is 0.2%. and the. preferred metal catalyst 
is hexachloroplatinic acid. 

The reaction suspension is heated to between 30 and 150°C. the prefen'ed 
temperature being SO^C. The reactions lasts for from 12 hours to 5 days, the 
preferred duration being 24 hours. 

The suspension is filtered then washed with a ratio of 1/1 to 1/100 
(weight^olume). preferably about 1 g per 10 ml' in a polar organic solvent in 
which the polysaccharides derivatives of formulae (Xa) to (Xk) are soluble. The 
prefen-ed solvent is tetrahydrofuran. The non-cross-linked compounds (Xa) to 
(Xb) are eliminated. Support materials are thus obtained which consist of 
commercial porous supports containing a percentage of less than 80% of 
compounds of general formulae (I) and (II). 

The preparation of polysaccharides derivatives of general formulae (Xa) to (Xk) is 
known eer se and has been described by. for example, Oliveros in Application WO- 
A-95/18 833. 

Polysaccharides are esterified and carbamates and thiocarbonates of 
polysaccharides obtained respectively by reacting polysaccharides with chlorides of 
acids, isocyanates and isothiocyanates. 

An inert solvent which does not react with chlorides of acids and isocyanates is 
used. The reaction is generally carried out in the presence of a catalyst such as a .. 
tertiary amine, for example 4-(N.N-dimethyl amino)pyridine. in the esterification 
reaction, and a Lewis base, for example a tertiary amine, or a Lewis acid, for 
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example a derivative of tin such as dibutyltin dilaurate, in the case of the reaction for 
obtaining carbamates and thiocarbamates. 

A preferred method of obtaining these involves carrying out the esterification or 
5 carbamate-obtaining reaction in a tertiary-base type organic solvent such as pyridine 
or quinoline. Preferred chlorides of acids or isocyanates contain aryl groups, of the 
phenyl type in particular, and can be substituted, the preferred substituents being 
halogens, and methylene or ethylene groups. 

10 The following examples illustrate the present invention but in no way limit it. 



0.5 g of native cellulose (marketed by the company Merck), containing 3.1 mM of 
glucose units, is suspended in 15 cm^ of toluene. After dehydration of the cellulose 
by azeotropic distillation until dry. 40 cm^ of pyridine are added. After distillation of 15 
cnn^ of solvent and cooling, 1.32 g of 10-undecenoyl chloride (6.5 mM) are added. 

20 The mixture is heated under reflux for 1 hour and a sample is taken, the analysis of 
which (C = 67.55%; H = 9.27%) shows that the degree of substitution is 1.8. 0.850 g 
of 3,5-dimethyl phenyl isocyanate (5.6 mM) is then added and the mixture is heated 
under reflux for a night. After hot filtration over no. 2 fritted glass, the reaction mixture 
is poured into 100 cm^ of methanol. After filtration, the precipitate is dissolved in the 

25 minimum of pyridine. The solution is filtered over no. 2 fritted glass and the filtrate is 
poured into an ethanol/water mixture (1/1 by volume). After filtration and washing 
with methanol, a product with the following characteristics is obtained: 



EXAMPLE 1 
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elemental analysis: C = 68.58%; H = 8.67%; N = 2.12%. 

degree of substitution: 1.8 (undecenoyl), 0.9 (3.5-dimethyl-phenyl carbamate). 
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A compound of general formula (Xd) is obtained 



O 

II 

with R^ = _C— (CH2)8— CH = CHz 
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.CH3 



CH3 



and 
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Xi=X2=X3= -O- 



This compound is given the reference Xd-E1. 

5 4 grams of compound Xd-E1 are dissolved in 80 ml of mesityl oxide. The solution 
obtained is kept as it is and divided into 4 parts. It is given the reference SOL(Xd- 
E1). 

1 gram of compound Xd-EI, i.e. 20 ml of the above solution SOL(Xd-EI) is poured 
10 onto a stirred and previously prepared 0.7% by weight aqueous solution of sodium 
dodecyl sulphate containing 1% by v/eight polyvinyl alcohol having a mass of 
between 13 000 and 23 000. The two phases are emulsified by mechanical stirring at 
500 revolutions/minute at ambient temperature for 30 minutes, then the reaction 
\ mixtbH-e is subjected to mesityl oxide reflux. The mesityl oxide is slowly distilled at 
15 nomnal pressure. After cooling, the suspension is filtered then washed with water, 
the powder is dried. The polydispersity of the balls obtained is checked by electron 
scanning microscopy. The size is between 1 and 22 pm with a majority between 8 
and 18 pm, 

20 The balls obtained previously are suspended in 4 ml of toluene. The reaction mixture 
is subjected to toluene reflux and 60 ml of ethane dithiol and 10 mg of benzoyl 
peroxide are added. The reflux is maintained for 24 hours. 10 mg of benzoyl 
peroxide are added every 3 hours. The suspension is cooled, filtered, then washed 
with tetrahydrofuran and ethanol. The balls are dried for 24 hours at 60°C under 

25 vacuum. 

A 100 X 46 mm HPLC column is then filled with these balls and the column is 
introduced into a HPLC system. A first test is canned out in a 90/10 
heptane/isopropanol mixture. The results obtained are presented in Figure 1. 

30 

A second test is then carried out in pure chlorofoma. 
Test solute: 2,2.2-trifluoro-1-(9-anthryl)ethanol. 
Column 100 x 4.6 mm 
Flowrate: 1 ml/mm 
35 U.V. detection 254 nm. To 1 .2 mm 

The capacity factors and the selectivity factor obtained are as follows: 
k'l = 14.7 - k'2 = 21 .8 - a = 1 .5 (see Figure 2). 
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■ EXAMPLE 2. 

5 20 ml of the solution of Example 1 containing 1 g of compound Xd-EI and 
referenced SOL(Xd-EI) are poured onto a 1% by weight stirred aqueous sodium 
dodecyl sulphate solution containing 1.5% by weight polyvinyl alcohol having a mass 
of between 13 000 and 23 000. The two phases are emulsified by mechanical stirring 
at 800 revolutions/ minute at ambient temperature for 30 minutes, then the reaction 
10 mixture is subjected to mesityl oxide reflux. This latter is evaporated at nonmal 
pressure. After cooling, the suspension is filtered and washed with water. The 
powder is dried. The diameter of the balls is measured by laser granulometry 
(Malvern Mastersizer Micro). The distribution of the diameters is shown in Figure 3. 

15 The balls obtained previously are suspended in a 50/50 toluene/heptane mixture 
(4ml/4ml). 300 mg of tetramethyl disilyl ethylene are added as well as 50 mg of 
hexachloroplatinic acid. The reaction mixture is refluxed for 48 hours. The 
suspension is cooled, filtered, then washed with tetrahydrofuran and.ethanol. The 
balls are dried for 24 hours at 60°C under vacuum. 

20 

A 100 X 4.6 mm HPLC column is then filled with these balls and the column is 
introduced into a HPLC system. A first series of tests is carried out in a 90/10/0.1 
heptane/isopropanol/diethylamine mixture. The results obtained are presented in 
Figure 4. 

25 

A test is then carried out on indapamide in pure 1 ,2-dichloroethane at^80°C. 

The result obtained is: 

k'l = 7.3 - k'2 = 9.7 . a = 1.3 (see Figure 5). 

30 

EXAMPLE 3 

20 ml of the solution of Example 1, referenced SOL(Xd-E1)and containing 1 g of 
compound Xd-EI, are poured onto a stirred 1% by weight aqueous sodium dodecyl 
35 sulphate solution containing 1.5% by weight polyvinyl alcohol having a mass of 
between 13 000 and 23 000. The two phases are emulsified by mechanical stirring at . 
800 revolutions/minute for 30 minutes at ambient temperature. The reaction mixture 
is then heated to 50°C and the mesityl oxide evaporated under water-jet pump 
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vacuum (between 10 and 50 mmHg). After cooling, the suspension is filtered and 
washed with water. The powder is dried. 

The balls obtained previously are suspended in a 50/50 toluene/heptane mixture 
5 (4ml/4ml) and the reaction mixrture is refiuxed for 5 days. 10 mg of benzoyl peroxide 
are added every 6 hours. The suspension is filtered then washed with 
tetrahydrofuran and ethanol. The balls are dried for 24 hours at 60°C under vacuum. 
The appearance of the balls is checked by scanning electron microscopy (SEM). The 
diameter of the balls ranges from 1 to 50 pm. 

10 

A 100 X 4.6 mm HPLC column is then filled with the balls and the column is 
introduced into a HPLC system. A first series of tests is carried out in a 90/10 
heptane/isopropanol mixture (see Figure 6). 

15 A second test is then carried out in pure chloroform (see results Figure 7). 
EXAMPLE 4 

20 ml of the solution referenced SOL(Xd-EI) of Example 1 and corresponding to 1 g 
20 of compound Xd-EI are stirred and 5 g of silica gel with' a granulometry of 10 pm and 
a pore diameter of 300 A are added. The suspension is homogenized for 1 hour at 
ambient temperature and the mesityi oxide is evaporated at normal pressure. The 
powder obtained is dried at 60*0 under vacuum. It is then taken up in 40 ml of a 
50/50 heptane/toluene mixture and refiuxed. 200 pi of ethane dithiol are added and 
25 the reaction mixture is refiuxed for 48 hours. The suspension is filtered and washed 
in tetrahydrofuran then ethanol. The powder.is dried (dry weight 6 g).. 

3 grams of the previous powder are placed in a 250 x 4.6 mm HPLC column and the 
column is introduced into a HPLC system. 

30 

The test is carried out under the following conditions: 
Test solute: non-racemic 2,2,2-trifluoro-1-(9-anthryl)ethanol 
Column: Xd-E1 - 250 x 4.6 mm 
?.:254 nm - O.D. = 0.1 - Flowrate - 1 ml/mn 
35 Mobile phase: pure chlorofonn 
Rate of advance: 2 mm/mn 

The capacity factors and the selectivity rate obtained are as follows: 
k'1 =2.0-k'2 = 3.7-a = 1.8 
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1. 



A process for preparing a cross-linked polymer compound in a three- 



dimensional network wherein at least one activated polysaccharide or oligosaccharide 
derivative is dissolved in a polar organic solvent, comprising a radical of general formula (I) 



where X represents an oxygen atom of the group -NH, m is an integer other than zero equal at 
most to 5, R represents a hydrogen atom or a substituted or non-substituted, linear or 
branched alkyl radical having from 1 to 8 carbon atoms, Y represents a single bond, -NH- 
CO-group, -NH-CS-group or -CO-group, A represents a single bond, a linear or branched 
alkylene radical having from 1 to 21 carbon atoms, an arylene radical having from 6 to 18 
carbon atoms or an aralkylene radical having from 7 to 40 carbon atoms, L represents a bis- 
^oether radical, of general formula (Ilia), bis-sulphoxide radical of general formula (Illb), 
or bis-sulphone radical, of general formula (IIIc), or a bis-silane radical of general formula 
(IV), below: 



or(II) 



-X-Y-A[CH2-CH(R)-CH(R)-CH2]mA-Y-X- 



(I) 



-X-Y-A[CH2-CH(R)-L-CH(R)-CH2]mA-Y-X 



(II) 



— S-W:j-WjW^S — 



(ina) 



— S-W^-Wj-Wj-S — 



(Illb) 




(IIIc) 
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|5 |5 



— Si-R-Si— 

I 4 I 



(IV) 



R5 R5 



where S represents a sulphur atom, O an oxygen atom and Si a siUcon atom and where -Wi 
and W3, identical or different, each represent: 

- a linear or branched alkylene radical having from 1 to 21 carbon atoms, an arylene 
radical having from 6 to 18 carbon atoms, or an aralkylene radical having from 7 to 40 carbon 
atoms; 

- W2 represents a single bond, Wi an oxygen atom, a sulphur atom or a symmetrical 
diester of formula 



-R5 represents a linear or branched alkyl radical having from 1 to 5 carbon atoms or 
hydrogen, and R4 represents the radical 



where Re is (CH2)n2 or oxygen and where nl varies from 0 to 3000 and n2 from 0 to 10, the 
arylene radicals contained respectively in the radicals of general formulae (I) and (II) being 
able to be substituted by one or more atoms or radicals, identical or different, of at least one 
halogen atom, at least one alkyl radical containing from 1 to 4 carbon atoms, at least one 
alkoxy radical containing from 1 to 4 carbon atoms or at least one nitro group; comprising: 
reacting ethylene radicals of general formula (XI): 



— O-C-WrC-O 



(V) 




(VI) 



R5 
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(CH[R]=CH-)n„A-Y. (XI) 

in which ml is an integer other than zero equal at most to 5, R represents a hydrogen atom or 
a substituted or non-substituted, linear or branched alkyl radical, having from 1 to 8 carbon 
atoms, Y represents a single bond, -NH-CO- group, -NH-CS- group or -CO- group, A 
represents a single bond, a linear or branched alkylene radical having from 1 to 21 carbon 
atoms, an arylene radical having from 6 to 18 carbon atoms, or an aralkylene radical having 
from 7 to 40 carbon atoms, and where X represents Xi, X2 or X3 equally; 
on themselves by action of a free radical initiator, in order to create a three-dimensional 
network between the chains of the polysaccharide derivative and characterized in that this 
network contains a radical of general formula (I); 

- or reaction of the ethylene radicals of general formula (XI) with bis-sulphydryl 
compounds of general formula (XIII) 

HS-W1-W2-W3-SH (XIII) 

wherein S, Wi, W2 and W3 are defined above, in the presence of a free radical initiator, in 
order to create a three-dimensional network between the chains of the polysaccharide 
derivative and characterized in that this network contains a radical of general formula (11) and 
where the symbol (L) is represented y a bis-thioether radical of general formula (Ilia), the 
radicals of general formula (Ilia) being able to be subsequently transformed into radicals of 
general formula (Illb) or (IIIc) by addition of a sufficient quantity of oxidizing agent, relative 
to the quantity of sulphur present in the said compounds; 

- or reaction of the ethylene radicals of general formula (XI) with bis-hydrogenosilane 
compounds of general formula (IV), in the presence of a metal catalyst, in order to create a 
three-dimensional network between the chains of the polysaccharide derivative and 
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characterized in that this network contains a radical of general formula (II) and where the 
symbol (L) is represented by a bis-silane of general formula (IV). 

2. A support material consisting essentially of a cross-linked polymer compound 
in a three-dimensional network, comprising a radical of general formula (I) or (II): 

-X-Y-A[CH2-CH(R)-CH(R)-CH2]m A-Y-X- (I) 

-X-Y-A[CH2-CH(R)-L-CH(R)-CH2]m A-Y-X (II) 

where X represents an oxygen atom of the group -NH, m is an integer other than zero equal at 
most to 5, R represents a hydrogen atom or a substituted or non-substituted, linear or 
branched alkyl radical having from 1 to 8 carbon atoms, Y represents a single bond, -NH- 
CO-group, -NH-CS-group or -CO-group, A represents a single bond, a linear or branched 
alkylene radical having from 1 to 21 carbon atoms, an arylene radical having from 6 to 18 
carbon atoms or an aralkylene radical having from 7 to 40 carbon atoms, L represents a bis- 
thioether radical, of general formula (Ilia), bis-sulphoxide radical of general formula (nib), 
or bis-sulphone radical, of general formula (lllc), or a bis-silane radical of general formula 
(IV), below: 

— S-W^-WjW^-S— (nia) 

o o 
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(IIIc) 



O 



p 1 5 



— SI-R-SI— 



(IV) 



I 4 I 
R5 R5 



where S represents a sulphur atom, O an oxygen atom and Si a silicon atom and where -Wi 
and W3, identical or different, each represent: 

- a linear or branched alkylene radical having from 1 to 21 carbon atoms, an arylene 
radical having from 6 to 18 carbon atoms, or an aralkylene radical having from 7 to 40 carbon 
atoms; 

- W2 represents a single bond, Wi an oxygen atom, a sulphur atom or a symmetrical 
diester of formula 



-R5 represents a linear or branched alkyl radical having from 1 to 5 carbon atoms or 
hydrogen, and R4 represents the radical 



— O-C-WrC-O 



(V) 




(VI) 



R5 



where is (CH2)n2 or oxygen and where nl varies from 0 to 3000 and n2 from 0 to 10, the 
arylene radicals contained respectively in the radicals of general formulae (I) and (II) being 
able to be substituted by one or more atoms or radicals, identical or different, of at least one 



